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palladium, Borrelia burgdorferi, Borrelia recurrentis, Rickettsial pathogens, 
Nocardia, and Acitnomycetes. 

Fungal infectious agents which can be detected by the present 
invention include Cryptococcus neoformans, Blastomyces dermatitidis, Histoplasma 
5 capsulatum, Coccidioides immitis, Paracoccidioides brasiliensis, Candida albicans, 
Aspergillus fumigautus, Phycomycetes (Rhizopus), Sporothrix schenckii, 
Chromomycosis, and Maduromycosis. 

Viral infectious agents which can be detected by the present invention 
include human immunodeficiency virus, human T-cell lymphocytotrophic virus, 

10 hepatitis viruses (e.g., Hepatitis B Virus and Hepatitis C Virus), Epstein-Barr Virus, 
cytomegalovirus, human papillomaviruses, orthomyxo viruses, paramyxo viruses, 
adenoviruses, corona viruses, rhabdo viruses, polio viruses, toga viruses, bunya 
viruses, arena viruses, rubella viruses, and reo viruses. 

Parasitic agents which can be detected by the present invention include 

15 Plasmodium falciparum, Plasmodium malaria, Plasmodium vivax, Plasmodium ovale, 
Onchoverva volvulus, Leishmania, Trypanosoma spp., Schistosoma spp., Entamoeba 
histolytica, Cryptosporidum, Giardia spp., Trichimonas spp., Balatidium coli, 
Wuchereria bancrofti, Toxoplasma spp., Enterobius vermicularis, Ascaris 
lumbricoides, Trichuris trichiura, Dracunculus medinesis, trematodes, 

20 Diphyllobothrium latum, Taenia spp., Pneumocystis carinii, and Necator americanis. 
The present invention is also useful for detection of drug resistance by 
infectious agents. For example, vancomycin-resistant Enterococcus faecium, 
methicillin-resistant Staphylococcus aureus, penicillin-resistant Streptococcus 
pneumoniae, multi-drug resistant Mycobacterium tuberculosis, and AZT-resistant 

25 human immunodeficiency virus can all be identified with the present invention. 

Genetic diseases can also be detected by the process of the present 
invention. This can be carried out by prenatal or post-natal screening for 
chromosomal and genetic aberrations or for genetic diseases. Examples of detectable 
genetic diseases include: 21 hydroxylase deficiency, cystic fibrosis, Fragile X 

30 Syndrome, Turner Syndrome, Duchenne Muscular Dystrophy, Down Syndrome or 
other trisomies, heart disease, single gene diseases, HLA typing, phenylketonuria, 
sickle cell anemia, Tay-Sachs Disease, thalassemia, Klinefelter Syndrome, 
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Huntington Disease, autoimmune diseases, lipidosis, obesity defects, hemophilia, 
inborn errors of metabolism, and diabetes. 

Cancers which can be detected by the process of the present invention 
generally involve oncogenes, tumor suppressor genes, or genes involved in DNA 
5 amplification, replication, recombination, or repair. Examples of these include: 
BRCA1 gene, p53 gene, APC gene, Her2/Neu amplification, Bcr/Abl, K-ras gene, 
and human papillomavirus Types 16 and 18. Various aspects of the present invention 
can be used to identify amplifications, large deletions as well as point mutations and 
small deletions/insertions of the above genes in the following common human 

10 cancers: leukemia, colon cancer, breast cancer, lung cancer, prostate cancer, brain 
tumors, central nervous system tumors, bladder tumors, melanomas, liver cancer, 
osteosarcoma and other bone cancers, testicular and ovarian carcinomas, head and 
neck tumors, and cervical neoplasms. 

In the area of environmental monitoring, the present invention can be 

1 5 used for detection, identification, and monitoring of pathogenic and indigenous 
microorganisms in natural and engineered ecosystems and microcosms such as in 
municipal waste water purification systems and water reservoirs or in polluted areas 
undergoing bioremediation. It is also possible to detect plasmids containing genes 
that can metabolize xenobiotics, to monitor specific target microorganisms in 

20 population dynamic studies, or either to detect, identify, or monitor genetically 
modified microorganisms in the environment and in industrial plants. 

The present invention can also be used in a variety of forensic areas, 
including for human identification for military personnel and criminal investigation, 
paternity testing and family relation analysis, HLA compatibility typing, and 

25 screening blood, sperm, or transplantation organs for contamination. 

In the food and feed industry, the present invention has a wide variety 
of applications. For example, it can be used for identification and characterization of 
production organisms such as yeast for production of beer, wine, cheese, yogurt, 
bread, etc. Another area of use is with regard to quality control and certification of 

30 products and processes (e.g., livestock, pasteurization, and meat processing) for 

contaminants. Other uses include the characterization of plants, bulbs, and seeds for 
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breeding purposes, identification of the presence of plant-specific pathogens, and 
detection and identification of veterinary infections. 

Desirably, the oligonucleotide probes are suitable for ligation together 
at a ligation junction when hybridized adjacent to one another on a corresponding 
5 target nucleotide sequence due to perfect complementarity at the ligation junction. 
However, when the oligonucleotide probes in the set are hybridized to any other 
nucleotide sequence present in the sample, there is a mismatch at a base at the ligation 
junction which interferes with ligation. Most preferably, the mismatch is at the base 
at the 3' base at the ligation junction. Alternatively, the mismatch can be at the bases 
1 0 adj acent to bases at the ligation j unction. 

Before carrying out the ligase detection reaction, in accordance with 
the present invention, target nucleotide sequences in the sample can be preliminarily 
amplified. This preferably carried out with polymerase chain reaction. The 
polymerase chain reaction process is fully described in H. Erlich, et. al, "Recent 
1 5 Advances in the Polymerase Chain Reaction," Science 252: 1 643-50 (1 991 ); M. Innis, 
et. al., PGR Protocols: A Guide to Methods and Applications . Academic Press: New 
York (1990) and R. Saiki, et. al., "Primer-directed Enzymatic Amplification of DNA 
with a Thermostable DNA Polymerase," Science 239: 487-91 (1988), which are 
hereby incorporated by reference. 
20 The ligase detection reaction process achieves linear amplification of a 

target sequence. The ligase chain reaction utilizes essentially the same steps and 
conditions as the ligase detection reaction to achieve exponential amplification. This 
greater level of amplification is achieved by utilizing 2 sets of complementary 
oligonucleotides with each set hybridizing to complementary strands of a target 
25 nucleic acid sequence. 

In the ligase chain reaction process of the present invention, the 
presence of a target double stranded nucleic acid formed from first and second 
complementary target nucleotide sequences is detected in a sample. The target double 
stranded nucleic acid differs from other nucleotide sequences by one or more single 
30 base changes, insertions, deletions, or translocations. 

This method involves providing a sample potentially containing a 
target double stranded nucleic acid formed from first and second complementary 



